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Finally, the top titania layer is obtained by dipping the sample in the titania sol, previously described, and calcining it under N2 flow for 1 hour at 400 °C. For the AgNP and TiO2 devices, only the deposition of silver nanoparticles or of the titania sol are performed, respectively.
The device scheme is presented in Figure S1 -1a, together with the PW-DFT optimized structure.
As specified elsewhere, 4 ,5 a structural, morphological and optical characterization was carried out.
The grazing incidence X-ray diffraction confirmed that it consisted mainly of the anatase polymorph. Scanning electron microscopy images show the homogeneity of the titania surface and its thickness (80 nm). The size of silver nanoparticle (17 nm) was evaluated by transmission electron microscopy. Moreover, the materials are characterized from the optical point of view with UV-vis analysis. Photocatalytic and wetting properties were also evaluated. 
S2. Theoretical Modelling

Computational Details
The anatase experimental structure 6 is fully relaxed by means of the CRYSTAL06 program, 7 which describes the electronic structure through a linear combination of atom-centered gaussian-type functions (LCGTF). All-electron calculations are performed at the DFT-PBE0 theory level in conjunction with a triple-zeta (Ti: 86-411(d41); O: 8-411(d1)) basis set. Standard tolerances on SCF energy, energy gradients and atomic displacement are adopted throughout (see the CRYSTAL06 users' manual), with the only exception of the convergence criterion on the RMS gradient, which is manually set to 3.333×10 -4 au.
The anatase (101) surface is then generated from the optimized crystallographic I41/amd cell by cutting the lattice with the aid of the XCrysDen graphical interface 8 (instruction SLABCUT / 1 0 1 / 4 6). The slab is then fully optimized at the same theory level described above. The final structure is formally 2-D periodic and had a thickness of three TiO2 layers, which ensures convergence of the surface tension to a value (γ101 = 0.39 J m -2 ) reasonably close to that (0.56 J m -2 ) predicted by Gong et al. through ultrasoft pseudopotentials. 9 Since real TiO2 materials are highly defective, 10 a 3 x 3 supercell is considered and an oxygen vacancy is inserted in the model slab. The latter eventually contains 162 atoms, 54 titanium and 107 oxygen atoms. Due to unfeasible computational cost of dealing with such a large and unsymmetrical system within a LCGTF approach, plane-wave methods are employed for developing the full model of the TiO2/Ag heterojunction.
All the plane-wave spin-polarized calculations are performed employing VASP suite of codes, [11] [12] [13] [14] [15] using the projector Augmented method PAW [11] [12] . The exchange-correlation functional is evaluated using the Generalized Gradient Approximation GGA, 16 with the Perdew−Burke−Ernzerhof (PBE) parametrization. 17 The latter is recently shown as one of best choices to study silver clusters. 18 To minimize the self-interaction error, which might be significant for oxides, the GGA+U 19 approach is exploited. The U parameter for Ti-3d orbitals is set equal to 3.3 eV, according to previous works. 
Modelling a junction based on Anatase (101) surface
The TiO2 slab built as described above is optimized with VASP. The deepest TiO2 layer (i.e. the most distant one from the surface chosen to host the heterojunction) is kept fixed at the previously optimized LCGTF geometry to simulate the undistorted bulk TiO2 structure. Then, silver atoms are manually added one by one on the top (101) . [32] [33] [34] [35] The accuracy of the integration is checked against the electroneutrality requirement of the whole system: the residual total charge, is as low as 0.0002 |e|.
Table (S2-1) reports the mesh translation vectors a1 and a2, and the corresponding angles, γ and γ.
No statistically significant distortion of the semiconductor mesh is evident. On the contrary, the metal undergoes a much larger surface rearrangement with respect to the reference (111) slab.
Figure S2-1 also shows the orientation of the two meshes at the metal-semiconductor junction. We consider two possible defect models to describe the TiO2-Ag heterojunction. First, as detailed above, we add an oxygen vacancy deeply buried in the bulk TiO2 phase ( Figure S2-2a) . Second, we also explore the possibility of having a second O vacancy at the titania-silver interface ( Figure S2-2b ). This model, which implicitly assumes a concentration of point defects at the interface comparable to that in the bulk, could be motivated by the intrinsic highly defective nature of the TiO2 material 10 , even though O vacancies should be less stable on the anatase surface than in the bulk. 36 Just local structural changes are appreciable around the oxygen vacancy, irrespective whether it is located at the interface or it is buried in depth into the TiO2 phase. Most important, the oxygen vacancy at the interface implies a reduction of the estimated charge transfer from 9.5 μC cm -2 to 7.8 μC cm -2 , but it does not imply any significant structural (101) reconstruction. In summary, the presence of anion defective sites induces local modifications, at least when the defect concentration is low. However, our prediction of the overall behavior of the device is robust against the specific location of the vacancy (exposed to the interface or not, Figure S2 -2). As both the defect types will be present in real systems, we expect that the present simulations are accurate enough to be safely compared with the outcomes of the electrochemical experiments which involve the Ag/TiO2 junction.
Modelling a junction based on Anatase (001) surface
Since the atomic-scale structure of the anatase-silver heterojunction, at the best of our knowledge, is not directly accessible through experimental methods, it is mandatory to test the robustness of the proposed theoretical predictions against different models for the TiO2-Ag interface. The anatase (101) face is selected (see above) since there is a wide consensus on its large stability. 37 Therefore, it is reasonable to assume that it is also present in our TiO2 film, and it is the most probable interface with the metal phase. We choose to complement the above described calculations by repeating them after starting from the (001) anatase surface. Actually, the latter is believed to be the most reactive face 37 and exhibits profoundly different properties with respect to the (101) one.
38-41
If the conclusions above sketched (see also the main text) were true also for an interface model built from the anatase (001) face, we can safely conclude that our predictions are qualitatively confirmed and so probably correct, irrespective of the specific interface model chosen to simulate the TiO2-Ag junction.
Analogously to the (101):(111) model (see above), a supercell with 54 titanium and 108 oxygen atoms is considered. An oxygen vacancy is introduced in the bulk. To avoid biases due to the interaction between neighboring slabs along the non-crystallographic direction, a 28 Å-thick vacuum layer is considered. The system is relaxed keeping only the cell volume fixed. The optimization is performed at the same level of theory described before. Then, 92 silver atoms are added in a layer-by-layer fashion and left free to relax, leading to the final structure reported in Remarkably, geometry optimizations lead to essentially the same Ag structure as those built in the former case, with the (111) surface exposed to the junction. This result is not truly surprising, as our procedure implies a step-by-step re-equilibration of the whole system, which implies that the interacting phases are driven toward their most stable state, compatible with the boundary conditions of the simulation. Metallic silver is intrinsically ductile, meaning that Ag atoms are somewhat more free than Ti and O ions to arrange themselves to achieve a maximally stable configuration at the interface, which is known to correspond to the (111) surface. 42 Nevertheless, Figure S2 -3 shows that, as expected, the arrangement of silver atoms at the interface is different with respect to that produced starting from the anatase (101) surface (compare it with Figure S2-2a ).
An important parameter when dealing with solid-solid interfaces is the adhesion energy, Ead, which is defined as the absolute energy difference between the slab model for the heterojunction and the corresponding isolated anatase (101) or (001) and silver (111) slabs, all taken at their DFT-PW optimized structures. Ead represents the energy to be spent at T = 0 K to keep apart the two interacting phases and to bring them at infinite distance with 0 kinetic energy. As for the present case, our Ead estimates for the junction between defective anatase (001) and Ag (111) is close to that reported by Prada et al (Table S2 -2), which work on a stoichiometric anatase (001) surface. a From [26] , referring to a stoichiometric anatase (001) surface.
As no relaxation contributions are taken into account in our calculations, Ead provided in Table S2-2 (first column) are likely overestimated, i.e. they fix upper limits for the corresponding thermodynamic internal energies of adhesion. As expected, we find that the (001)/(111) junction is less favorable than the (101)/(111) one. However, the amount of charge transfer from silver to anatase (Table S2 -2, second column) is very similar for both the models, despite the very different estimates for the adhesion energies. This implies that the charge transfer mostly depends on the chemical nature of the bulk interacting phases, rather than to the specific structure and properties of their interface. On the basis of these results, derived from the extreme cases of the most stable (unstable) anatase (101) ( (001)) surface, we expect that charge transfer involving other junctions will be similar as well. Furthermore, the predicted transferable charge is very similar by moving from anatase (101) model to anatase (001) one, as it turns out to be as large as 203 μC cm -2 vs. 185 μC cm -2 , respectively. It is computed as the total charge than can be extracted (in principle) from silver atoms belonging to the first layer, i.e. the closest to the anatase surface, minus the amount of charge that the atoms already donate to the surface, at equilibrium conditions. The corresponding experimental estimate is 110 μC cm -2 (see the main text), which is comparable with both our theoretical predictions once one takes into account that electrochemical measurements necessarily refer to non-ideal systems at finite temperature.
S3. Electrochemical Characterization
The electrochemical experiments are performed in a three electrodes cell, using a saturated calomel, a Pt wire and the device as reference, counter and working electrodes, respectively. NaClO4 (0.1 M)
is used as supporting electrolyte.
Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and photocurrent measurements are carried out with an Autolab PGStat30 (Ecochemie, The Netherlands)
potentiostat/galvanostat equipped with FRA module and controlled by NOVA and FRA softwares.
Impedance data are processed with Z-View 3.1 software. No N2 degassing of the solution is necessary, since dissolved O2 did not affect the measurements.
Electrochemical Impedance Spectroscopy (EIS)
Electrochemical impedance spectra are registered at -0. In Figure S3 -1 the complex plane plots for the three studied electrodes and the corresponding equivalent circuits are presented. Moreover, values obtained by fitting experimental data with the indicated equivalent circuits are reported in Table S3- 
Cyclic voltammetry (CV)
and + 0.4 V.
The transferable charge is calculated from the sum of the oxidation peak areas obtained for consecutive oxidation scans (no reduction is performed). At each value, the peak area measured at the dynamic equilibrium is subtracted.
The electrode recovery is checked performing a cyclic voltammetry after irradiation with UV light, for different interval times depending on the experiment: 1h after the achievement of the dynamic equilibrium, 1h after storing for 1 day, 14 h after storing for 1 year. An UV iron halogenide lamp Jelosil HG500 with an effective power density, measured using a Thorlabs S314C radiometer, of 23 (mW cm −2 ) emitting between 280 and 400 nm is used in all cases.
Photocurrent measurements
Photocurrent measurements are performed registering the current at an applied potential (+ 0.12 and + 1 V). Initially, the electrode is maintained at the chosen potential in the dark for 600 s; then the UV lamp (the same used for the electrode recovery) is switched on for 200 s and off for 100 s, repeating these two steps for 6 times (in Figure S3 al. 43 to determine the exciton recombination times, using in this case a biexponential decay:
y (t) = y0 + A exp(-t/τ1) + B exp (-t/τ2) where y (t) is the current at time t, y0 is the current at time 0, A and B are preexponential factors, t is time and τ1 and τ2 are the average recombination times. The results of the fitting procedure are reported in Table S3 -2. In the case of TiO2 alone, the photocurrent decays are faster and the two average recombination times are consecutively lower with respect to Ag/TiO2, although the current registered is higher.
Probably, the presence of silver nanoparticles in the heterojunction prevents the fast recombination of the electron-hole couple.
